AIM: NONI juice (Morinda citrifolia) is an increasingly popular wellness drink claimed to be beneficial for many illnesses. No overt toxicity has been reported to date. We present two cases of novel hepatotoxicity of NONI juice. Causality of liver injury by NONI juice was asses-sed. Routine laboratory tests and transjugular or percutaneous liver biopsy were performed. The first patient underwent successful liver transplantation while the second patient recovered spontaneously after cessation of NONI juice. A 29-year-old man with previous toxic hepatitis associated with small doses of paracetamol developed sub-acute hepatic failure following consumption of 1.5 L NONI juice over 3 wk necessitating urgent liver transplantation. A 62-year-old woman without evidence of previous liver disease developed an episode of self-limited acute hepatitis following consumption of 2 L NONI juice for over 3 mo. The most likely hepatotoxic components of Morinda citrifolia were anthraquinones. Physicians should be aware of potential hepatotoxicity of NONI juice.
INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION
Due to the known side effects of approved pharmaceuticals, patients often turn to alternative medicine which is considered "natural" and "healthy". Herbal medicine is thus gaining popularity, but lack of knowledge of the mechanisms and side effects of these preparations as well of safety regulations for their preparation may have serious consequences [1] . Reports of hepatotoxicity associated with the use of herbal medicines are accumulating, ranging from mild elevations of liver enzymes to fulminant liver failure requiring liver transplantation [2] . Healthcare professionals should be made aware of the potential dangers of herbal preparations. We present two cases of acute drug-induced hepatitis associated with the consumption of NONI juice. . Besides, the patient had allergic asthma treated with inhalative β2-agonists and glucocorticoids and eosinophilia of up to 12% in his peripheral blood smear. During military service at the age of 18, liver function tests were normal except for bilirubin (1.8 mg/dL) attributed to Gilbert's syndrome. Viral hepatitis, autoimmune hepatitis, hemochromatosis, α 1 -antitrypsin deficiency, Wilson's disease as well as other infections (leptospirosis, toxoplasmosis, coxsackie, and brucellosis) were ruled out and his abnormal liver tests were interpreted as low-dose paracetamol toxicity facilitated by fasting. Three months later, aminotransferase and bilirubin levels improved (ASAT 222, ALAT 300 U/L, bilirubin 4.8 mg/dL) and the patient was lost to follow-up. 
CASE REPORT CASE REPORT CASE REPORT CASE REPORT CASE REPORT

DISCUSSION DISCUSSION DISCUSSION DISCUSSION DISCUSSION
We present two cases of toxic hepatitis associated with NONI juice (Morinda citrifolia) which represent the first reports of hepatotoxicity of this herbal preparation. To our knowledge, only one further case of NONI hepatotoxicity observed at the Medical University Innsbruck, Austria, has been published to date [3] . Case 1 developed fulminant liver failure requiring emergency liver transplantation while liver function was preserved in case 2 and the patient recovered spontaneously after cessation of NONI juice. The temporal relationship between NONI intake and liver dysfunction (Figures 2A and B) and extensive exclusion of alternative causes of acute hepatitis confirmed herbal hepatotoxicity in both cases. Causality of liver injury by NONI juice was assessed using the Council for International Organizations of Medical Sciences scale [4] and yielded a score of +5 ("possible") in case 1 and a score of +7 ("probable") in case 2. Histology revealed acute hepatitis with centrolobular necrosis consistent with acute drug-induced hepatotoxicity of idiosyncratic type in both cases ( Figures 1A and B) . However, we could not exclude concomitant pre-existing liver damage by paracetamol and/ or an additional hepatotoxic effect of components of the Chinese herbal mix in case 1. NONI juice is prepared from the fruit of Morinda citrifolia, a Polynesian plant with a long history of medicinal applications [5] . Since 1996, various preparations of NONI juice have been sold as wellness drinks. Short-term safety studies in rats have not yielded overt toxicity [5] . One case of hyperkalemia due to self medication with NONI juice is reported in a patient with renal failure [6] . So far, no detailed pharmacological studies were reported on the putative active ingredients of the NONI plant, which include scopoletin, including scopoletin, potassium, ascorbic acid, terpenoids, alkaloids, anthraquinones, β-sitosterol, carotene, vitamin A, flavone glycosides, linoleic acid, alizarin, amino acids, acubin, L-asperuloside, caproic acid, caprylic acid, ursolic acid, rutin, and several volatile components such as acids (mainly octanoic acid and hexanoic acid), alcohols, esters, ketones, and lactones [5, 7] . The most likely hepatotoxic components are anthraquinones such as nordamnacanthal, moridone, and rubiadin. Anthraquinones in other herbal remedies have been reported to cause hepatotoxicity [8] [9] [10] [11] [12] . A possible mechanism of hepatotoxicity of anthraquinones has been described for rhein (4,5-dihydroxyanthraquinone-2-carboxylic acid) which produces oxygen-derived free radicals by redox cycling resulting in depletion of intracellular reduced glutathione, decreased mitochondrial membrane potential, initiation of lipid peroxidation, and cell death
